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E X P E RI M E N T A L S T U D Y O N T O E S C O U R O F S E A W A L L  
C O V E R E D WI T H A R M O R U NI T S D U E T O W A V E S  
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A B S T R A C T  
 
T o e s c o uri n g  i n fr o nt of a s e a w all c o v er e d wit h ar m or u nits w as i n v esti g at e d usi n g 
l ar g e- a n d s m all-s c al e p h ysi c al m o d el t ests wit h l ar g e w a v e-fl u m e ( 2 0 5 m l o n g, 6. 0 m 
d e e p a n d 3. 4 m wi d e)  a nd s m all o n e ( 5 1 m l o n g, 1. 2 m d e e p a n d 0. 9 m wi d e).   
T o p o gr a p h y, v el o cit y, s urf a c e dis pl a c e m e nt, p or e pr ess ur e i n t h e s a n d l a y er, a n d 
o v ert o p pi n g v ol u m e w er e m e as ur e d at s e v er al ti m e st a g e s.   T o p o gr a p h y c h a n g es  
w er e c o m p ar e d b et w e e n r es ults of l ar g e - a n d s m all-s c al e t ests usi n g irr e g ul ar w a v es 
t o dis c uss s c al e eff e cts o n t h e s c o ur.  T h e diff er e n c e is n ot si g nifi c a nt e x c e pt j ust i n 
fr o nt of t h e t o e.  T o p o gr a p h y c h a n g es d u e t o irr e g ul ar a n d re g ul ar w a v es w er e  
i n v esti g at e d at t h e s m all-s c al e t est s.  T h e diff er e n c e of t h e ti m e a v er a g e d v el o cit y 
b et w e e n t h e irr e g ul ar a n d r e g ul ar w a v es c orr es p o n d t o t y p es of t h e  to p o gr a p h y 
c h a n g e.  A r el ati o ns hi p b et w e e n t h e t o p o gr a p h y c h a n g e a n d w a v e o v ert o p pi n g w a s 
al s o i n v e sti g at e d.   T h e w a v e o v ert o p pi n g i n cr e as es  as s a n d w as d e p osit e d n e ar t h e 
t o e. 
 
I N T R O D U C TI O N  
 
S c o uri n g n e ar t o e of ar m or l a y er c a n c a us e f ail ur e of w a v e dissi p ati n g w or ks  a n d 
e xt e n d t o d a m a g e of c aiss o ns.   B ot h r e g ul ar w a v e a n d irr e g ul ar w a v e tests w er e  
c arri e d o ut b y Xi e ( 1 9 8 1).  Iri e a n d N a d a o k a ( 1 9 8 4) cl assifi e d p att er n of  
t o p o gr a p h y c h a n g e d u e t o st a n di n g w a v es i nt o t h e N -t y p e a n d L -t y p e s c o ur.  
O u m er a ci ( 1 9 9 4) r e vi e w e d pr o bl e ms o n s c o ur i n fr o nt of v erti c al  br e a k w at er s.  Fi el d 
i n v esti g ati o ns o n f ail ur es of w a v e-dissi p ati n g w or ks  w er e c arri e d o ut b y G o m y o h et 
al . ( 1 9 9 6).  T hr e e di m e nsi o n al e x p eri m e nts w er e p erf or m e d  b y S ut h erl a n d et al.  
( 1 9 9 9).  
Alt h o u g h t h e r es ult a nt pr ofil es of t h e  d a m a g e d ar m or l a y er  w er e o bt ai n e d t hr o u g h  
t h e a b o v e fi el d m eas ur e m e nts,  r el ati o ns hi p b et w e e n t h e s c o uri n g a n d dri vi n g f or c e  
w as n ot e x a mi n e d y et.   I n t his w or k, i n cl u d e d w as  t h e v el o cit y fi el d n e ar t h e t o e of 
----------------------------------------------  
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wave dissipating work to explain  the topography change.  Pore pressure in sand 
layer was also measured to examine a possibility of liquefaction of the sand bed at 
both small- and large-scale tests. A relationship between the topography change near 
the toe of armor layer and mean overtopping rate was also investigated. 
 
EXPERIMENTS 
 
Experiments were carried out using a large wave-flume (205m long, 6.0m deep and 
3.4m wide) and a small one (51m long, 1.2m deep and 0.9m wide).  Fig.1 shows a 
cross section of experimental set-up in a full-size scale.  A scale factor of the 
large-scale test is 1/22.7 and that of small-scale one 1/60.  Armor units placed in 
front of the caisson were models of 80-t Tetrapod.  Back-filling stone and sand 
were also placed to model reclaimed land.  Sheet was placed between them to 
prevent sand flow-out through the back-filling stones.  A bottom slope in front of 
the structure was 1/40.  Sand bed was made from x=-450m to x=100m, where x is 
the horizontal coordinate defined as shown in Fig.-1.  The san bottom from 
x=-450m offshore was impermeable. 
Sand diameters used at both small and large-scale experiments were 0.2mm.  
Another set of experiments were carried out at small-scale tests using finer sand 
with 0.16mm diameter.  Free surface displacement in front of the structure was 
measured using capacitance-type wave gages at ten positions on irregular wave tests 
and at nineteen positions on regular wave tests. Number of waves at one test run of 
irregular wave was 250.  That of regular wave was 30 waves.  Tests were repeated 
with those wave numbers to make less contaminated multi-reflected wave conditions.  
Horizontal and vertical components of velocity were measured using two 
electromagnetic current meters.  They can provide time histories of velocity 
induced by wave but not turbulence components. 
Wave pressure acting on the caisson was measured at sixteen positions and pore 
pressure in the sand layer at six positions as shown in Fig.-1. 
Topography change was obtained by using two wheel-type depth meters.  Profiles 
of the sand bottom were measured along four lines, every 1.0cm at the large-scale 
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Fig.-1 Cross-section of seawall covered with armor units 
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 t ests a n d e v er y 0. 5 c m at t h e s m all -s c al e o n es.   A v er a g e d pr ofil e of f o ur pr ofil es  
w as us e d i n t h e f oll o wi n g dis c ussi o ns.   T h os e m e as ur e m e nts w er e d o n e at  s e v er al 
ti m e st a g es, f or e x a m pl e, t/T 1/ 3 = 0, 5 0 0, 1 0 0 0, 2 0 0 0, 3 0 0 0, 6 0 0 0, 9 0 0 0, 1 2 0 0 0 . 
T h e o v ert o p pi n g v ol u m e at t h e l ar g e -s c al e t ests w as m e as ur e d usi n g w at er d e pt h  
m et er i n t h e t a n k s ettl e d b e hi n d t h e c aiss o n.   T h at at t h e s m all -s c al e t est  w as 
m e a sur e d u sin g a t a n k b e hi n d t h e c aiss o n s us p e n d e d t o f o ur l o a d c ells t o w ei g h its  
w ei g ht.  
T a bl e  1 s h o ws w a v e c o n diti o ns of t h e f ull-si z e , t h e l ar g e-s c al e t est  (s c al e f a ct or =  
1/ 2 2. 7 ) a n d t h e s m all-s c al e o n e  ( = 1/ 6 0 ).  T h e w a v e h ei g ht w as 1 0. 3 m a n d 1 2. 8 m.   
T h e f or m er o n e is d esi g n b asi c w a v e h ei g ht  ( D. B.W .) t a ki n g 1 0 0 y e ar  as a  r et ur n 
p eri o d  a g ai nst w hi c h t h e str u ct ur e s h o ul d b e st a bl e  a c c or di n g t o a c o n v e nti o n al 
d esi g n c o n c e pt.  T h e l att er o n e h as  hi g h er w a v e h ei g ht t h a n  D. B. W ., w hi c h is  
a p pli e d t o c o nfir m d ur a bilit y of t h e str u ct ur e a g ai nst t h e  hi g h er w a v e  t h a n D. B.W .   
It is n a m e d as a f u n cti o n al c h e c k w a v e ( F. C.W .) b as e d o n t h e n e w d esi g n c o n c e pt  f or 
v er y i m p ort a nt c o ast al  str u ct ur e f or p o w er pl a nts ( K aji m a, 1 9 9 4). 
T a bl e  2 s h o w s n o n-di m e nsi o n al t ot al ti m e of w a v e d ur ati o n  f or t o p o gr a p h y 
m e as ur e m e nt .  T h e w a v es c o n c er n e d h er e ar e d esi g n w a v es f or st a bilit y of str u ct ur e. 
Its r et ur n p eri o d is 1 0 0 y e ars or l o n g er t h a n t h at.  T he d ur ati o n ti m e of w a v e w as at 
b e gi n ni n g o n e st or m t er m a b o ut 1 0 h o urs. B ut s c o ur n e ar t h e t o e of str u ct ur e w as n ot  
o b s er v e d;  t h er ef or e t h e d ur ati o n ti m e w as e xt e n d e d u p t o 7 2 0 0 0 w a v es ( 3 2 0 h o urs) 
at a c ert ai n c as e.  
 
T a bl e -1  Wa v e c o n diti o ns  
S c al e f a ct or  D. B. W.  H 1/ 3 ( m) 
F. C. W.  
H 1/ 3 ( m) 
w a v e p eri o d  
T 1/ 3 (s) 
w at er d e pt h  
h ( m) 
1. 0  1 0. 3         1 2. 8  1 6. 0  2 2. 5  
1/ 2 2. 7  0. 4 5 2  0. 5 6 3  3. 3 6  0. 9 9 1  
1/ 6 0  0. 1 7 2  0. 2 1 3  2. 0 7  0. 3 7 5  
 
T a bl e 2 N o n -di m e nsi o n al w a v e d ur ati o n ti m e  t/T 1/ 3  ( h o urs i n pr ot ot y p e s c al e) 
t est s c al e f a ct or  t est s c al e f a ct or   s a n d di a m et er  
d 5 0 ( m m) D. B. W.  F . C.W.  D. B. W.  F . C.W.  
0. 2 0  6 0 0 0  
( 2 6. 7) 
1 2 0 0 0  
( 5 3. 3) 
2 4 0 0 0  
( 1 0 6. 7) 
2 4 0 0 0  
( 1 0 6. 7) 
0. 1 6  n o t est  N o t est  7 2 0 0 0  
( 3 2 0) 
3 0 0 0  
( 1 3. 3) 
 
  T a bl e 3 R e g ul ar w a v e t est f or s c o ur pr ot e cti o n ( h o urs i n pr ot ot y p e s c al e) 
S c al e f a ct or 1/ 6 0  H = 0. 2 5 8 m  
T = 2. 0 6 s  Wit h o ut pr ot e cti o n  W it h pr ot e cti o n 
d 5 0  
0. 1 6 m m  
1 2 0 0 0  
( 5 3. 3) 
1 2 0 0 0  
( 5 3. 3) 
 
4 2 3
 Table 3 shows non-dimensional total time of wave duration of regular wave tests for 
scour protections test. 
Figures 2 and 3 are pictures taken at the large- and small-scale experiments, 
respectively.  Wheels seen in these pictures are the depth-meters. Both profiles of 
armor layer and sand bed were measured using the same wheels. The diameter of the 
wheels was chosen to be able to measure both surfaces of the armor layer and sand 
bed.  Small structure of sand bed, e.g., ripple was not exactly obtained at the 
large-scale tests which was not an interest of the present work but does at the 
small-scale tests.  As seen in Fig.2, wave overtopping was also measured by 
collecting water into a tank with a full width of wave flume.  
Fig.-3 Laboratory wave flume test (51m long, 0.90m wide and 1.2m deep) 
 
Fig.-2 Large wave flume test (205m long, 3.4m wide and 6.0m deep) 
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E X P E RI M E N T A L R E S U L T S  
 
C o m p a ris o n of r es ults b et w e e n l a r g e - a n d s m all-s c al e t e st s 
F i g. 4 s h o ws c o m p aris o ns of t o p o gr a p h y c h a n g es b et w e e n t h e l ar g e- a n d s m all-s c al e 
t ests usi n g irr e g ul ar w a v es . Fi g. 4 ( a) s h o ws a c o m p aris o n m e as ur e d at t/T 1/ 3 = 6 0 0 0 
u n d er t h e w a v e c o n diti o n of  H 1/ 3 = 1 0. 3 m  a n d T 1/ 3 = 1 6 s ( H 1/ 3 = 0. 4 5 2 m, T 1/ 3 = 3. 3 6s at 
t h e l ar g e-s c al e t est a n d H 1/ 3 = 0. 1 7 2 m, T 1/ 3 = 2. 0 7s at t h e s m all -s c al e o n e) a n d Fi g. 4 ( b) 
w as at  t/T 1/ 3 = 1 2 0 0 0 u n d er t h e  w a v e c o n diti o n of  H 1/ 3 = 1 2. 8 m a n d  T 1/ 3 = 1 6s 
(H 1/ 3 = 0. 5 6 3 m, T 1/ 3 = 3. 3 6s at t h e l ar g e -s c al e t est a n d H 1/ 3 = 0. 2 1 3 m, T 1/ 3 = 2. 0 7s at t h e 
-3 0 0 -2 0 0 -1 0 0 0x (m )
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2 0
z(m
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 = 1 /2 2 .7s c a le  fa c to r
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Fi g. -4 C o m p aris o n of s e a b e d c h a n g e b et w e e n l ar g e - a n d s m all-
 
s c al e 
4 2 5
 small-scale one).     
It seems that the water depth h=22.5m is relatively deep for sand movement.  
However, the ratio of the water depth to the wave length is h/L =1/10 (h=22.5m and 
L=223.5m). That means this condition is shallow water.  Reference velocity as 
progressive wave water particle at seabed level is uw=3.0m/s in case of wave height 
H=10.3m. That at large-scale test is 0.68m/s and 0.39m/s at small-scale test. 
As seen in Fig.4 (a) difference of the topography is not significant between two scale 
tests and accretion at the toe was recognized.  Sand transport of the large-scale test 
is bigger than that of the small-scale one. At the small-scale test two–dimensional 
(long-crested) ripples were generated. 
Fig.4 (b) with a higher wave height and longer wave duration time tendency of bed 
profile change is seen more clearly.  Small-scale test result denoted with dashed 
line shows accretion at the toe and erosion far from there. This is same as lower 
wave height as shown in Fig.4 (a). The large-scale test in Fig.4 (b) shows a 
fluctuated bed profile.   It is not related with velocity field of a partial standing 
wave (the wave length L is 223m long).  
In those experimental results, scour or erosion is not observed near the toe.  At the 
small-scale experiment, accretion near the toe was clearly observed.  It should be 
noted that sand with the same diameter was used at both scale tests although the 
Froude law for similarity was applied for scaling.  Therefore, at the small-scale test, 
relatively larger sand was supposed to be used. 
Fig.5 shows sand bed near the toe of the structure at the large-scale test under the 
wave condition H1/3=0.563m and T1/3=3.36s. As seen lunate ripple was generated 
very close to and ripples become three-dimensional far from the breakwater.   
Fig.6 shows buried Tetrapod at the small steps of the armor layer after removing 
several ones. Some of Tetrapod settled into the sand bed through gravel mat. Settled 
depth in to the sand bed is about one-third of the height of Tetrapod.   
 
LABORATRY TESTS 
 
As described above, comparison of the profile changes between the large- and 
small-scale tests shows that there is not scour at the of the armor layer.  We 
investigated under what condition scour was observed instead of accretion. Using 
available smaller sand (d50=0.16mm), tests applying both irregular and regular 
waves were carried out in a laboratory wave flume. 
 
Irregular wave tests 
Profile changes of bottom topography and armor layer due to irregular wave were 
investigated using finer sand (H1/3=0.17m, T1/3=2.07s, d50=0.16mm) at the 
small-scale experiment.  Fig.7 (a) shows topography changes of sand bed in front 
of the structure.  At this test, wave duration time was 72000 times the significant 
wave period T1/3, which is longer than 12000 in addition to the use of finer sand 
compared with the previous experiments. 
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The sand was transported onshore and accretion occurred at the toe of wave 
dissipating works.  Long-crested ripples are shown in Fig.7 (a).  Fig.7 (b) shows 
the enlarged one of Fig.7 (a) near the wave dissipating work.  It was observed that 
sand was transported as both bed load and suspended load.  Especially, suspended 
load was transported into the rubble mound through the armor layer resulting in 
quite small transmitted waves behind the caisson.  Rubble mound was filled with 
sand and pressure acting on wall facing back filling stone became quite small.  
Gomyoh et al. (1996) reported in the filed observations that toe scour casing armor 
units damage at the water depth from h=5.6 up to 19.4m.   
We did additional experiments to observe sand transport under the various irregular 
wave conditions ranging from water depth h=2.5m to 16.5m and H=6.0m to 12.8m, 
wave period T=12s to 16s in full-size scale.  Although the sand movement was 
investigated in a wide range of such wave conditions, erosion was not confirmed.  
Direction of the sand transport was onshore. Experimental result on bed profile 
change by Sutherland et al. (1999) also showed deposition in front of a detached 
breakwater due to a normal incident irregular wave. 
Fig.6 Several Tetrapods are buried 
in sand bed under gravel mat. 
Fig.5 Large wave flume test (3.4m wide). H1/3=0.56m, T1/3=3.36s  and 
d50=0.2mm 
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It was reported by Gomyoh et al. (1996) that scouring was reproduced using regular 
waves.  Tests using regular waves were performed to investigate countermeasure.  
Firstly, to reproduce scour at toe of structure, we carried out an experiment using 
regular wave.  Wave conditions are wave height H=0.274m at h=0.375m and 
T=2.07s (H=16.4m at h=22.5m and T=16s in full scale).  Duration time was 12000 
waves (53.3 hours in full scale). 
Fig.8 (a) shows profile change over whole region of the sand bed and Fig.8 (b) 
scouring at the toe of armor layer.  As seen in Fig.8 (a), sand was transported 
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Fig.7 Profile change in case of accretion due to irregular wave  
(a) whole region of sand bed 
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offshore and deposited offshore within the region of the sand bed.  Maximum water 
depth of scour is about 0.55m (33m in full size scale).  Although there is toe scour, 
damage of the armor layer was not significant.  Crest level of armor layer and its 
surface near the still water level were decreased. These are not related to the toe 
scour.  The related is visible at an edge of gravel mat where the slight damage of 
the grave mat resulted in settlement of armor units at the shoulder of toe step.  
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Fig.8 Profile change in case of erosion due to regular wave 
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 So far, topography change was mainly discussed in previous work but driving force 
to understand the mechanism of scour or accretion was not described. In the present 
work velocity filed was obtained as well as wave height change. 
Fig.9 shows the time averaged velocity field of the irregular wave.  The direction 
of time averaged velocity is offshore except that near the bottom.  In the case of the 
regular wave as shown in Fig.10, the direction of the time averaged velocity is 
offshore over the depth under the wave trough elevation.  The difference of the 
Fig.-10 Time average velocity due to regular wave causing 
erosion 
Fig.-9 Time average velocity due to irregular waves 
causing accession 
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 time averaged velocity between the irregular and regular waves corresponds to types 
of the bottom profile changes.  The latter case is familiar as compensate velocity 
field for Stokes’ drift. Because an electromagnetic current meter is used in the 
present work, the velocity could not be measured over the wave trough level. 
Sakakiyama and Liu (2000) obtained turbulent velocity field using LDV as well as 
mean and time- averaged velocity in front of a breakwater covered with armor units.     
Wave height change is also shown in those figures. Partial standing wave was seen 
in case of regular wave but the sand bed topography does not match with the wave 
height change.  In case of irregular wave, wave height is somewhat uniform, or can 
be described that very weak standing wave occurs. Bed topographies in both cases 
do not follow the wave height changes.   
 
Countermeasure test using regular wave test 
As described previous sections, scour was not reproduced in the tests using irregular 
waves at both large- and small-scale tests.  However, damage of armor layer which 
was seemed to be due to scour was observed.  In this work, countermeasure was 
also one of topics included.   
Significant damage was not observed using regular wave even there is scour at toe 
of the breakwater. Observed was damage of the gravel mat.  Gomyoh et al. (1996) 
also proposed the protection method to toe scouring. They proposed as the following 
equation: 
 04.0
3/1
>LH
st  
where, s: width of gravel mat, t: thickness of gravel mat, L:wave length and H1/3 
wave height. The present condition without a protection, st/LH1/3=0.0007. To satisfy 
the above condition, we need roughly 60 times volume (0.04/0.0007=57) for a toe 
protection.  According to the method, width of gravel mat is extended and 
thickness is increased.  However, significant damage is not recognized by the 
regular test.  A half volume required by the above equation is placed and 
experiment was carried out. 
Fig.11 (a) shows the resultant profile change in whole region of sand bed.  Fig11 
(b) shows comparison of profiles between without and with scour protection. 
Profiles of sand bed meet but due to gravel mat enlargement, the structure itself does 
not take damage.  
 
Wave overtopping rate due to bottom topography change 
Design of wave overtopping is usually performed considering wave transformation 
on a uniform slope or fixed bed topography.  It is not taken into account of sea bed 
change, e.g. scouring or accretion near the structure.  In the present work, wave 
overtopping associated with the sand bed change was investigated. 
Fig. 12 shows the time histories of the mean overtopping rate due to irregular waves. 
The mean overtopping rate q was obtained by averaging the collected water volume 
for 250 waves. At the beginning, the overtopping rate decreases rapidly. It is caused 
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 by the settlement of armor units to lower the crest level of the wave dissipating work.  
After settlement was completed, the overtopping rate increases as the topography 
changed. The water depth near the toe decreases.  Although the accretion occurred 
near the toe due to the irregular waves and the armor layer is stable, the mean 
overtopping increases.  
On the other hand, Fig.13 shows that the mean overtopping rate decreases due to the 
toe scouring.   In this case, regular waves applied. However, if there is scour due to 
irregular waves, the same situation is true.  This is not serious problem except that 
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Fig.11 Profile changes with countermeasure   
  
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
x(m)
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
z(m
)
scour protection
without with  t/T  t (hr)  12000 53.3
withoutscour protectoin
d50=0.16mmH=0.258m
T=2.07s
scour protection
 
432
 scour causes settlement of armor units.  The former situation is dangerous. It is 
noted that the overtopping rate can increase due to the topography change by 
applying irregular waves even when the armor units are stable. 
 
Pour pressure 
Settlement of armor units at toe of breakwater is caused by scouring and/or 
wave-induced liquefaction.  Pore pressure was measured at six positions in sand 
bed at both large- and small-scale tests. 
Fig.14 shows the time histories of pore pressure in sand bed obtained at the 
small-scale test (z=-25.2m in full scale) and free surface displacement at the same 
position (x=-116m in full scale).  Figures 15 and 16 are those in sand bed under 
gravel mat obtained at small- and large-scale tests, respectively.  As shown in 
Fig.14, pore pressure in the sand bed follows the free surface displacement 
compared with those in Figures 15 and 16.  It means that the pore pressure under 
the gravel mat was dissipated.  The settlement of armor units into sand bed as 
shown in Fig.6 is not due to the liquefaction. 
Comparison between Fig.15 and Fig.16 shows that dissipation of pore pressure of 
the large-scale test is significant compared with that of the small-scale one.  The 
same sand was used in both experiments.  Therefore, the sand is relatively larger at 
the small-scale test than the large-scale test. It is hard to reproduce liquefaction in a 
Fig.12 Overtopping rate change due to toe scouring by irregular 
wave 
Fig.13 Overtopping rate change due to accretion at toe by regular wave 
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s m all-s c al e t est.   P h as e-l a g b et w e e n t h e fr e e s urf a c e a n d t h e p or e pr ess ur e is visibl e 
i n t h e l ar g e-s c al e t est b ut n ot i n t h e s m all-s c al e o n e.   It m e a ns t h at usi n g t h e s a n d 
wit h s a m e  di a m et er w or ks as c o ars er s a n d i n t h e s m all-s c al e t est.  
Fi g. 1 7 s h o ws m o vi n g -a v er a g e d p or e pr ess ur e at t h e l ast st a g e of t h e w a v e a cti o n t o 
i n v esti g at e c h a n g e of e x c essi v e p or e pr ess ur e.  If t h e e x c essi v e  p or e pr e s s ur e 
i n cr e as es, t h er e is a p ossi bilit y of li q u ef a cti o n of t h e s a n d b e d.    H o w e v er, it is n ot 
c o nfir m e d fr o m t h e r es u lts of Fi g. 1 7 i n b ot h s m all- a n d l ar g e-s c al e t ests.  
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C O N C L U SI O N S  
 
T h e f oll o wi n gs ar e m ai n r es ults o bt ai n e d i n t his w or k.  
1)  L ar g e- a n d s m all-s c al e e x p eri m e nts o n s a n d b e d  c h a n g e n e ar t o e of ar m or l a y er 
w as c arri e d o ut u n d er irr e g ul ar w a v e c o n diti o ns .  S c o ur w as n ot o bs er v e d  i n b ot h 
e x p eri m e nts .  
2) U n d er v ari o us w a v e c o n diti o ns of irr e g ul ar w a v es, s c o ur n e ar t o e w as n ot  
c o nfir m e d.  U n d er r e g ul ar w a v e c o n diti o n, t h er e is s c o ur.  T h e ti m e -a v er a g e d 
v el o cit y fi el ds of irr e g ul ar a n d r e g ul ar w a v e c orr es p o n d t o  t h e s a n d tr a ns p ort 
r es ulti n g i n s c o ur a n d a c cr eti o n.  
3) St a bilit y of t h e ar m or u nits c o v eri n g t h e c aiss o n  a g ai nst t h e t o e s c o uri n g w as  
m ai nt ai n e d  if t o e s c o ur is pr ot e ct e d . Gr a v el m at w or ks w ell t o pr ot e ct s a n d o ut-lift 
t hr o u g h r u b bl e m o u n d. 
4) W a v e o v ert o p pi n g c h a n g e r el at e d t o t o p o gr a p h y c h a n g e i n fr o nt of str u ct ur e w as 
i n v esti g at e d. T h e o v ert o p pi n g i n cr e as es d u e t o a c cr eti o n a n d it d e cr e as es d u e t o  
s c o u r. 
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